ABSTRACT Non-orthogonal multiple access (NOMA) has become one of the desirable schemes for the 5G cellular network standard due to its better cell coverage capability, higher data rate, and massive connectivity. Orthogonal frequency division multiplexing (OFDM) can be combined with NOMA to get the higher spectral efficiency. The main drawback of OFDM-based NOMA (OFDM-NOMA) scheme is high peak-to-average power ratio (PAPR). Therefore, this paper presents a new discrete-cosine transform matrix precoding-based uplink OFDM-NOMA scheme for PAPR reduction. Additionally, the proposed precoding-based uplink multicarrier NOMA scheme takes advantage of information spreading over the entire signal spectrum; thus, bit-error rate is also reduced. Simulation results show that the proposed precodingbased NOMA scheme outperforms as compared with the non-precoding-based NOMA schemes available in the literature.
I. INTRODUCTION
The Non-Orthogonal Multiple Access (NOMA) has become one of the desired candidates for the upcoming 5G Cellular Networks due to massive connectivity, higher data rate and low latency [1] - [6] . NOMA is a new signal design multiple access schemes where users will share time and frequency. Hence, more than one user can share the same frequency band simultaneously.
Orthogonal Frequency Division Multiplexing (OFDM) based NOMA is expected to provide the higher spectral efficiency, better cell coverage, massive connectivity and low latency. At the transmitter side, NOMA employs Superposition-Coding (SC) to send independent packets (signals) to several receivers simultaneously, and on the other hand, Successive-Interference-Cancellation (SIC) is employed to separate the signals of different users.
SIC is used at the cell center user (i.e., low power signal) to decode and cancel all the high power signals of paired users. SIC also introduce additional complexity and delay. Base on Shannon's theory, more complexity and delay will provide a better system. Direct demodulation will result in error propagation, and errors will occur in pairs in both signals.
If SIC is employed, there is sufficient CNR to decode the less robust signal, and the robust signal should have no error at all. So error propagation will not occur [7] .
The requirements of mobile users are increasing day-byday, and the industry is trying to satisfy all the demands.
The researchers are trying to do their best to fulfill the customer demands. The old mobile communication standards like 1G, 2G, and 3G were focused on providing best voice services. When demand for data services increased the 3.5G (HSPA) and the 4G (LTE) was introduced, but still high data rate is required with the best quality of service. The upcoming new 5G mobile communication standard is expected to increase capacity 1000 times, i.e., connected devices per cell [8] . and User 2, which is far from BS. NOMA can employ Orthogonal Frequency Division Multiple Access (OFDMA) to get the higher spectral efficiency.
Recently, a large number of different NOMA proposals can be seen in the literature for the upcoming 5G communication Networks. The Multicarrier NOMA schemes [9] , [10] have got significant attention due to high spectral efficiency. These Multicarrier NOMA schemes support several users simultaneously by consuming the similar sub-carriers (sub-bands).
The uplink Multicarrier NOMA scheme proposed in [10] is more attractive and real, where authors proposed OFDM modulation without any use of coding or spreading. The Multi-User-Diversity (MUD) technique is employed at the receiver to separate the different users. Authors also limit the number of users under certain conditions to make system efficient.
Unfortunately, multicarrier NOMA has also some drawbacks. These weaknesses should be addressed carefully for its effective standardization. Among others, high Peakto-Average Power Ratio (PAPR) problem is one of the main drawbacks. The PAPR problem makes OFDM based NOMA (OFDM-NOMA) scheme inefficient.
Many PAPR reduction schemes have been proposed in the literature. The signal independent linear precoding schemes [11] - [13] are more attractive due to simple linear implementations. Moreover, these systems do not need any side information or complex optimizations.
This paper is an extension of work done in [10] . A new precoding block has been added which is based on DiscreteCosine Transform Matrix (DCTM) precoding. The DCTM precoder lowers the autocorrelation relationship among the modulated data and spread the information on each subcarrier equally. If the IFFT input (precoded modulated symbols) has low autocorrelation, then the in-phase additions will be less. Hence, PAPR is reduced. The information spreading by the DCTM precoder takes advantage of multipath fading channel and reduces the Bit-Error-Rate (BER).
This paper is structured as; Section II presents the proposed uplink Multicarrier NOMA scheme, Section III is based on computer simulations analysis, and the conclusion is presented in Section IV at the end. Fig. 2 , illustrates the proposed Discrete-Cosine Transform Matrix (DCTM) precoded uplink OFDM-NOMA scheme. For simplicity, a single cell set-up with two users have been considered, i.e., User 1 and User 2 distributed geographically under the same BS. Both users can communicate with the same BS using the same frequency subcarriers simultaneously.
II. PROPOSED SCHEME
The data is produced randomly for each user and then, modulated independently. After the modulation process, a DCTM precoding is applied to the constellation symbols. The precoding process lowers the autocorrelation relationship among the modulated data, then, sub-carrier mapping is accomplished in the localized mode like 4G LTE-A Cellular Network.
Before the IFFT, the power is allocated in the power domain to each user. At the receiver side, the different superimposed users are speared carefully by implementing MUD-SICs. Then, the inverse of DCT precoding matrix P −1 (since, I = P.P −1 ) is applied to retrieve the estimated modulated data. This estimated modulated data is demodulated to get the estimated data (i.e., data transmitted by the different users, in our case user 1 or user 2).
A. DCT AND DCTM
According to [14] , the DCT can be written as: -
Kernel P of DCTM can be designed by the subsequent equation as below: -
and, the precoding matrix P can be written as: -
B. DCTM PRECODING BASED UPLINK OFDM-NOMA SCHEME According to Fig. 2 , the data is produced randomly/ independently and then, modulated by QPSK or M -QAM (M = 16 or 64). After the modulation process, precoding matrix P is applied to the Modulated Data D, and we get: -
where, i denote the total number of users communicating simultaneously with the BS. After that, sub-carriers mapping is made in localized mode, then, transmit power PT i is assigned in power domain for the i th user based on the estimated distance between the BS and the resultant signal after the power allocation can be written as: -
The complex precoding based Multicarrier NOMA baseband signal for the i th user can be written as: -
where k = 0, 1, 2 . . . , N − 1. Complex precoding based uplink Multicarrier NOMA passband signal after RootRaised Cosine (RRC) pulse shaping can be written as: -
where, r(t) represents the baseband pulse, T is compressed symbol period after IFFT and ω c indicate the carrier frequency. The pulse shaping (i.e., RRC) filter can be defined as: -
0 ≤ α ≤ 1, α represent roll-off factor. The PAPR of precoded uplink OFDM-NOMA signal in (7) can be written as:-
The precoding maintains the orthogonality of different symbols due to its cyclic auto-orthogonal property.
At the receiver side, after the equalization process, the MUD-SIC separate the signals of the different users. Then, sub-carrier de-mapping is performed in localized mode. After the sub-carrier de-mapping, the inverse P −1 of the DCT precoding matrix is applied to the received symbols of each user to remove the precoding effect (i.e., I = P.P −1 ). The subsequent signal of the i th user (User 1 or User 2) can be written as:
C. THE EFFECT OF DCTM PRECODING
The precoding effect can analyze by generating modulated data of size 64. Aperiodic-Autocorrelation Function (ACF) is implemented to test the precoding performance. Fig. 3 [15] . Hence, it is concluded that if the precoding is applied to the constellation symbols before the IFFT operations, a significant PAPR is reduced. 
III. COMPUTER SIMULATIONS
This section presents a detailed computer simulation analysis of the proposed precoding based uplink OFDM-NOMA scheme. The data is generated randomly and independently, then, the produced data is modulated by employing any one of the modulation technique (i.e., QPSK or 16-QAM or 64-QAM). Table 1 , show the different parameters used for the computer simulation to examine the proposed system. Fig. 4 , illustrates CCDF curves representing the PAPR for non-precoding based uplink Multicarrier NOMA scheme, WHT precoding based uplink Multicarrier NOMA scheme and DCTM precoding based uplink Multicarrier NOMA scheme, respectively, using QPSK modulation. At CCDF clip rate 10 −3 , the PAPR of uplink Multicarrier NOMA signal without any precoding, WHT precoding based uplink Multicarrier NOMA signal and DCTM precoding based uplink Multicarrier NOMA signal is nearly 10.1 dB, 8.5 dB, and 5.4 dB, respectively. Fig. 5 , illustrates CCDF curves representing the PAPR for non-precoding based uplink Multicarrier NOMA scheme, WHT precoding based uplink Multicarrier NOMA scheme and DCTM precoding based uplink Multicarrier NOMA scheme, respectively, using 16-QAM modulation. At CCDF clip rate 10 −3 , the PAPR of uplink Multicarrier NOMA signal without any precoding, WHT precoding based uplink Multicarrier NOMA signal and DCTM precoding based uplink Multicarrier NOMA signal is nearly 9.7dB, 8.7 dB, and 6.9 dB, respectively. Similarly, Fig. 6 , illustrates CCDF curves representing the PAPR for non-precoding based uplink Multicarrier NOMA scheme, WHT precoding based uplink Multicarrier NOMA scheme and DCTM precoding based uplink Multicarrier NOMA scheme, respectively, using 64-QAM modulation. At CCDF clip rate 10 −3 , the PAPR of uplink Multicarrier NOMA signal without any precoding, WHT precoding based uplink Multicarrier NOMA signal and DCTM precoding based uplink Multicarrier NOMA signal is nearly 9.8 dB, 8.8 dB, and 7.2 dB, respectively. It is also observed that the PAPR of User 1 and User 2 is nearly the same because of power limitations of transmitter side set by the BS. Hence, the effect of power domain on the PAPR of the signal may be ignored. Multicarrier NOMA scheme available in the literature, for sub-band 0 by using QPSK modulation. Fig. 9 illustrates SER vs. SNR analysis of the proposed scheme with the uplink OFDM-NOMA scheme for sub-band 15.
It is apparent from the Fig. 9 that the DCTM precoded uplink OFDM-NOMA scheme shows significant SER performance gain over the non-precoded uplink OFDM-NOMA scheme for sub-band 15 by using QPSK modulation. It is also noticed that the performance varies from 8 dB (i.e., sub-band 0) to 15 dB (i.e., sub-band 15) which is based on the spectrum chunk it occupies. In localized sub-band, SER vs. SNR performance is much better due to higher channel gain than average. On the other hand, according to the Fig. 7 , the localized sub-band 15 has the lower channel gain, hence, performance gain is worse. Thus, localized mapping mode of sub-carriers lacks frequency diversity, and it should either use channel-dependent scheduling or sub-band hoping to handle this limitation. Fig. 10 , illustrates the BER vs. SNR performance analysis for the proposed precoding based uplink OFDM-NOMA scheme and non-precoded uplink OFDM-NOMA scheme respectively, using the random Carrier-FrequencyOffsets (CFOs). Minimum Mean Square Error (MMSE) is combined with Parallel Interference Cancellation (PIC) recently proposed in [16] is employed to evaluate the BER performance. Computer simulation shows that the PIC can remove the Multiple-Access-Interference (MAI) and provide good BER gain. The performance loss of the system is also acceptable when compared with the system without CFOs.
IV. CONCLUSION
In this paper, a precoding based uplink Multicarrier NOMA scheme has been presented and investigated through the computer simulations. Computer simulations demonstrate that the proposed precoding based scheme out-performs when compared with non-precoded schemes available in the literature. Proposed DCTM precoding based OFDM-NOMA scheme is signal independent; hence, no need of any side information. Therefore, it can be concluded that the proposed scheme may be one of the promising multiple access technique for the 5G Cellular Networks as compared to the other uplink Multicarrier NOMA schemes available in the literature.
